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The effect of lung
compliance and experience
on manual hyperinflation
This study was designed to investigate the
factors which affect the safe and effective
performance of manual hyperinflation by
physiotherapists. To determinethis, experienced
and student physiotherapists were requested
to deliver manual hyperinflations at tidal
volumes of1OOOmLorpeak inspiratorypressures
of 15cm H20 during a series of trials with
variations in lung compliance. These
hyperinflations were delivered into an artificial
lung system. Subjects were blind to random
changes in lung compliance and were only
allowed the feel of the bag for feedback during
testing. It was found that compliance had a
significant effect on the tidal volumes and
pressures generated, and both groupsofsubjects
allowed peak inspiratory pressure to rise
significantly when lung compliance was low.
Experience, hand size and grip strength of
individuals did not influence these results.
[Rusterholz B and Ellis E: The effect of lung
compliance and experience on manual
hyperinflation. Australian Journal of
Phvsiotherapy44: 23-28]
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anual hyperinflation (MR), also
known as bagging, is the
technique of inflating a
patient's lungs with a volume greater
than their ventilated tidal volume,
using a manual resuscitation bag (lmle
and Klemic 1989). Manual
hyperinflation has a number of uses
including the treatment of alveolar
hypoventilation and atelectasis in
mechanically ventilated patients (fones
et aI1992). However, the clinical
performance ofMH by health
professionals has received little
attention and universally accepted
guidelines for the use ofMH are
lacking (King and Morrell 1992).
Peak inspiratory pressure and tidal
volume are two important parameters
ofMH. High peak inspiratory pressure
generated during positive pressure
ventilation such as MH has been
implicated in the damage of lung tissue
called barotrauma (Petersen and Baier
1983). The delivery of effective tidal
volumes during MH may be adversely
affected by the patient's lung
compliance and the hand size and grip
strength of the operator (Hess and
Goff 1987, Hess et al 1989, Hess et al
1993).
Tidal volumes and peak inspiratory
pressures are rarely measured by health
professionals during the performance
ofMH, despite concerns for safety and
efficacy (King and Morrell 1992). The
feel of the degree of tension in the
inflation bag is often used to help
regulate tidal volume delivery even
though research among anaesthetists
has failed to show the "feel of the bag"
to be an effective form of feedback
(Robinson 1968, Spears et al1991). In
addition, little is known of the ability
of physiotherapists to regulate peak
inspiratory pressure during MH.
Therefore, the aim ofthis study was to
investigate the effects of lung
compliance, experience, hand size and
grip strength on the effective and safe
performance of manual hyperinflation
when using only the feel of the bag for
feedback.
Methods
This study was approved by the
Human Ethics Committee ofThe
University of Sydney. Written
informed consent was obtained from
each subject prior to testing.
Two groups of subjects were
recruited for the study; experienced
physiotherapists and student
physiotherapists. Experienced
physiotherapists had at least three
years experience with the technique of
MH, and had spent at least the past six
months working in an intensive care
unit from teaching hospitals in the
Sydney metropolitan area. Student
physiotherapists were undergraduates
whose experience with MH was strictly
limited to a single cardiothoracic
clinical placement of between four and
six weeks during their course at The
University of Sydney.
Prior to testing, the grip strength (kg)
of each subject was measured from a
single attempt of maximal effort with a
hand grip dynamometer (famar
Tabl~ l. C(Jrrelation .coefficients. R2 values are expressed as a percentage in bold.
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Adjustable Dynamometer, Asimow
Engineering Co., California) using the
subject's dominant hand. The Jamar
dynamometer has a reported accuracy
of±3 per cent (Mathiowetz et al
1984). It has been used as a measure of
grip strength in previous research
which investigated the effect of grip
strength on the performance of MH '
(Glass et al 1993). The hand size (cm)
of each subject was measured from the
tip of the third digit to the distal wrist
crease of the dominant hand using a
conventional steel measuring tape.
All subjects were instructed to
perform MH during testing as they
would if trying to improve the
ventilation of a patient. All subjects
used the Laerdel MH bag (CIG
Medishield Air-Viva 2 Handipak) filled
with room air with a gas compressor.
Subjects were not to add an inspiratory
hold or quick release on inspiration.
They were all instructed to use both
hands but were not told to perform the
MHs at a particular rate. The MHs
were delivered into a Vent-Aid TTL
Training/Test Lung (TTL) (Michigan
Instruments Inc., Michigan). A lung
compliance ofO.05L/cm Hp may
represent the dynamic lung compliance
in a paralysed, anaesthetised supine
person (Oh 1990). The TTL allows
lung compliance to be altered between
0.01 and 0.15L1cm HzOwith an
accuracy of 3-5 per cent between the
minimum and maximum values
respectively (Michigan Instruments
Inc. 1981). Lung compliances from
0.02 to O.lL/cm Hp in a TTL model
have been chosen to simulate a
spectrum of realistic lung conditions in
previous research which investigated
the performance ofMH by groups of
health professionals (Hess and Goff
1987, Hess et aI1993).
A pneumotachograph (Model 3813,
Hans Rudolph Inc., Kansas) connected
between the Laerdel bag and the TTL,
detected the tidal volume (TV) and
frequency ofMRs delivered. This
information was relayed back to the
Pulsys computer system (Revision 1.2,
Clinical Engineering Solutions,
Australia) for measurement and
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storage. The grip strength, hand size,
type ofMH circuit most frequently
used, and group number ofeach
subject were entered into Pulsys.
Pulsys was calibrated prior to testing of
a new subject, for the air temperature,
barometric pressure and relative
humidity of the laboratory. Pulsys was
calibrated for volume (mL) using a 3L
calibration syringe (Vacumed Inc.,
California) in accordance with the
American Thoracic Society 1979
guidelines (Pierce 1986).
There was a pressure protocol and a
volume protocol consisting of three
and five trials respectively for all
subjects. For each trial, subjects
performed MH for two minutes with a
two minute rest period separating
consecutive trials. Subjects were
informed that the lung compliance
would change between trials. The
order of protocols and trial compliance
levels were randomised. During
testing, all subjects and the key
examiner who operated Pulsys were
made blind to the TTL lung
compliance by screens.
During the pressure protocol,
subjects were instructed to attempt to
consistently generate peak inspiratory
pressures (PIPs) of 15cm Hz°during
each of three trials. Compliance levels
used were 0.05,0.035 and 0.02L/cm
HzO. An independent tester recorded
the PIP (cm HP) of each
hyperinflation measured by the inbuilt
TTL pressure manometers. The
accuracy of the pressure manometers is
± 2 per cent between -10 and 120cm
Hp (Michigan Instruments Inc.
1981). During the volume protocol,
subjects were instructed to attempt to
consistently deliver TVs of 1000mL
during each of five trials. Compliance
levels used were 0.15, 0.1, 0.05, 0.035
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and 0.02L/cm HzO. Pulsys recorded
TVs delivered by subjects. A range of
five lung compliances from high to Jow
were considered clinically relevant for
the volume protocoL Only
compliances ranging from normal to
low were used for the pressure
protocol because it was hypothesised
that in this range the operator ofMH
may generate clinically high peak
inspiratory pressures. Hence, three
trials were used for the pressure
protocoL
Subjects were also tested in a single
one minute trial for each protocoL In
these trials, compliance was set at
0.05L/cm HzO and the subjects were
allowed to view the TTL for feedback
regarding the PIPs or TVs generated.
These trials were called the "feedback
trials" and were conducted at the end
of all pressure and volume trials and
results were used to give an indication
of the performance ofMH by subjects
when full feedback was allowed.
Subjects were given two minutes'
practice prior to testing of either
protocol, and informed that the
compliance was on the "normal"
setting ofO.05L/cm Hp. They were
given verbal and visual feedback
regarding the PIPs or TVs generated,
however during testing, subjects were
allowed only the feel of the bag for
feedback.
A level ofp < 0.05 was required for
statistical significance of all results.
Mean trialWs and PIPs for each
subject were calculated from 10
recorded hyperinflations from the
middle minute of each trial and were
pooled according to group number.
Standard deviations were calculated for
each subject's set ofW and PIP trials,
using all recorded hyperinflations
delivered in each trial to provide a
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figure 1. Group means (error bars, 95 % confidence interval) for
pressllre in each trial.
figure 2. Group means (error bars, 95% confidence interval)
lJolumes delivered during each trial.
measure of consistency for each
subject. Analyses ofvariance of
repeated measures were used to
identify between group and between
trial differences in the means and
standard deviations for TV and PIP.
Analysis ofvariance measured the
effect of experience with the MH
circuit used for testing, on the standard
deviations for TV and PIP. Paired
t-tests measured between-group
differences in grip strength and hand
size. Hand size, grip strength, mean
TV and mean PIP for each subject
were correlated using the Pearson
correlation.
Results
The sample consisted of eight subjects
in the experienced group and nine
subjects in the student group. There
were no male subjects in the
experienced group, but there were two
males in the student group.
Mean PIPs for both groups were
significantly higher with lower lung
compliance (F(II.5). = 86.30, P< 0.05)
(Figure 1). The' highest mean PIP
across all trials for a single subject was
37.4cm H 20. This was during the trial
where compliance was set at its lowest
of (0.02L/cm H 20). There was no
significant difference in the group
mean PIPs delivered over all trials by
experienced subjects (20.5cm HzO) or
and students (19.3cm HzO)
(F ) = 0.52). There was no significantdifr~~ence between groups during each
trial (F(I,15) = 1.24).
Mean TVs for both groups were
significantly less in the trials with
lower lung compliance settings
(F( = 18.67, P < 0.05). Across alltri~i~: mean tidal volumes delivered by
individuals ranged between 508.0mL
and 1452.9mL. There was no
significant difference in the group
mean TVs over all trials for the
experienced group (1116.15mL) and
students (1119.05mL) (F(115)~= 0.09).
There was no significant ditterence
between groups in the mean TVs
delivered in each trial (F(\15) = 0.84)
(Figure 2). Note the results for the
feedback trials for the pressure and
volume protocols (Figures 1 and 2
respectively). PIPs and TVs generated
by both groups of subjects in the
feedback trials were very similar to
those generated in the 0.05L/cm H 20
compliance trial where feedback was
removed.
In the pressure protocol, the group
standard deviation over all trials for the
experienced group (0.95cm HzO) was
significantly lower than that for the
student group (1.45cm HP)
(F(1 15) =6.26, P< 0.05) (Figure 3). In
the'volume protocol, the group
standard deviation over all trials for the
experienced group (57.26mL) was
significantly lower than that for the
student group 84.04mL (F(115) =6.24,
P< 0.05) (Figure 4). '
There were four experienced and one
student subject who had recent clinical
experience with the Laerdel bag prior
to testing. There was no significant
difference in the standard deviations of
TVs and PIPs between the subjects
with recent experience with the
Laerdel circuit, and the other subjects.
There were no significant
correlations between mean TVs, PIPs,
hand size and grip strength (Table 1).
The calculation of RZ values indicated
that the variation in hand size and grip
strength accounted for between 0.3
and 0.8 per cent of the size of the TVs
and PIPs delivered by all subjects. The
mean hand size of the student group
(19cm) was significantly higher than
that of the experienced group (18cm)
(t7 = 2.20, P< 0.05). The mean grip
strength of the student group (50kg)
was significantly higher than of the
experienced group (37kg) (t7 = 2.22,
P< 0.05).
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Figure 3. Group standard deviation for peak inspiratory pressure
in each tria I.
Figure 4. Group standard deviations for volume ill each trial.
All subjects were given the same
instructions before testing. However,
during testing, one subject was
permitted to use one hand to perform
MH as this was the only technique that
the subject felt able to use. Two
experienced and one student subject
were asked to slightly increase the
inspiratory flow rate of their bagging
because it fell below the required rate
for detection by Pulsys.
During testing, two minutes of rest
was observed in all subjects except two
experienced subjects who, due to their
own time constraints, could only allow
for one minute rest intervals. Another
experienced subject complained of
muscle fatigue during the pressure
protocol. There was no observable
decrease in the TVs and PIPs delivered
by these subjects over all individual
trials, indicating no measurable effect
of fatigue.
During testing, re-opening of folds in
the Laerdel bag during its inflation
caused intermittent small TVs of less
than 100mL to be recorded as
ill(i~vidual hyperinflations by Pulsys.
This occurred in 14 subjects. These
recordings were omitted from the
analysis.
Discussion
This study investigated the effects of
lung compliance, experience, hand size
and grip strength on the effective and
safe performance ofMH. The subjects
performed MH with only the feel of
the bag for feedback.
At a "normal" lung compliance level
(0.05L1cm HP), the PIPs generated
by both groups of subjects were close
to the required PIP when they allowed
the feel of the bag alone for feedback.
This was also the case when subjects
were allowed visual feedback in the
feedback trials. However, the pressures
generated by experienced and student
subjects were significantly higher when
the lung compliance was low. When
the test lung was at the lowest
compliance, the average pressure for
the experienced group was 28.6cm
Hp, with an individual generating up
to 37.4cm H 20. Clinically, many
patients may require mechanical
ventilation at a peak inspiratory
pressure of between 20 and 40cm H °
simply to receive adequate tidal 2'
volumes (Windsor et al 1972)
especially when patients' lungs have
low compliance. Hence, pressures
generated in this study may be
necessary simply to deliver adequate
tidal v?lumes to patients with low lung
comphance. Indeed, during testing,
some of the experienced subjects
indicated that the test lungs offered
less resistance than what is often
encountered clinically. Petersen and
Baier (1983) reported a higher
incidence of barotrauma in patients
mechanically ventilated at greater than
5~cmH 20. Hence, encountering lungs
With low compliance in clinical
practice, some of the subjects may
generate pressures above those
recorded in this study, and closer to an
upper limit of safety.
Ata "normal" lung compliance level
(0.05L1cm H 20), the physiotherapists
in this study appeared to be able to
generate the target peak inspiratory
pressures with or without feedback
other than the feel of the bag. Under
the present test conditions however,
the feel of the bag alone was
insufficient to help regulate pressure
within a known and acceptable range
as lung compliance became more
abnormal. As few health professionals
routinely use pressure manometers to
monitor pressures generated during
MH (King and Morrell 1992), the use
of pressure manometers in the bagging
circuit would be strongly encouraged.
The mean TVs delivered over all
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tests by experienced and student
physiotherapists were very close to the
target of 1000mL which is considered
to be an effective volume for MH
(Clement and Hubsch 1968). This was
across a range oflung compliances
using only the feel of the bag for
feedback. It is postulated that this
ability to deliver effective TVs would
be enhanced in the clinical setting
where monitoring devices may directly
or indirectly indicate the TV and
oxygen delivery to the patient.
However, it should be noted that
across all trials, mean TVs delivered by
individuals ranged between 508.0mL
and 1452.9mL. High TVs may pose a
risk of barotrauma and TVs below
1000mL may be deemed ineffective to
improve regional ventilation in a
patient's lungs.
Low lung compliance was found to
result in the delivery of significantly
lower TVs. Previous studies have
shown ineffective volume delivery
during MH under TTL lung
conditions oflow compliance and high
airway resistance (Hess and Goff
1987). The present study indicates that
volumes delivered to patients with stiff
lungs may be significantly reduced,
although the clinical significance of
this reduction may be small.
The hand size and grip strength of
subjects did not appear to affect the
size ofvolumes and pressures
generated. Hess et al (1989) found that
a group of respiratory therapists with
larger hands delivered larger TVs
during MH into a TTL lung using a
protocol similar to that of the present
study. Conversely, Glass et al (1993)
found no relationship between the
hand size or grip strength and the
volumes delivered during MH by
nurses.
Experience with MH was not found
to improve the ability to use the feel of
the bag to regulate performance of the
technique. Similar results were found
in studies comparing senior and junior
anaesthetists (Robinson 1968, Spears et
al 1991). In the present study,
experienced physiotherapists were
defined as having at least three years of
clinical experience with MH.
Conversely, the students recruited had
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only minimal experience with MH.
The results of this study indicate that
in these test conditions, the value of
the feel of the bag does not appear to
improve significantly with increasing
clinical experience.
The experienced subjects generated
significantly more consistent volumes
stnd pressures during each trial than
the students. In the clinical setting and
under more adverse conditions, a
larger difference between the
experienced physiotherapists and
students may become evident.
Experience in the intensive care
environment would enhance skills
required to appropriately manage the
patients and the environment, whilst
delivering an effective treatment.
There are limitations to this study.
Testing conditions were slightly
different in three of the eight
experienced subjects. However, we feel
that these differences did not
significantly influence the results. The
use of standardised equipment and
testing limits the generalisation of
these results to the clinical setting. The
test lung and experimental design
controlled for the variables which
influence the performance ofMH and
allowed for the manipulation of the
lung compliance to simulate a variety
of lung conditions. Research of this
nature, however, must be performed in
the clinical environment where an even
more valid assessment of the
performance ofMH is possible.
The four subjects with recent clinical
experience using the Laerdel bagging
circuit prior to testing, did not deliver
MHs more consistently than the other
subjects. Hence, the use of a single
bagging circuit for all subjects did not
significantly influence the results and
unfamiliarity with a bagging circuit
may not be detrimental to the
performance ofMH.
The Laerdel bag may hinder the use
of the feel of the bag to judge lung
compliance Ganes et aI1991). It is
made from a hard silicon rubber, in
contrast with the thin rubber bag used
in the Macgill and Mapleson-C
resuscitation circuits. This may have
disadvantaged all subjects. The type of
resuscitation circuit used may also
significantly influence the TVs and
PIPs generated during MH (McCarren
and Chow 1996). Thus further
investigation would be useful to
determine which inflation bags .allow
health professionals greater ability to
use the feel of the bag to regulate TV
and PIP during MH.
In summary, the experienced and
student physiotherapists in this study
could deliver effective TVs using only
minimal feedback. However, under the
present testing conditions, the feel of
the bag provided insufficient feedback
to PIP during MH. Thus the use of
pressure manometers is advocated, to
contain pressures within a known and
acceptable range.
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